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ORGANIC SEMICONDUCTOR 

Field of the Invention 

The present invention relates generally to organic semiconductors 
and methods for their preparation and in particular to an intrinsically 
5 electrically semiconducting polymeric material. Intrinsically 

semiconducting polymer material has potential application in a wide range 
of electronic and opto-electronic devices. 
Background Art 

A number of intrinsically conducting polymers have been well 

10 known for over a decade. One of the most extensively characterised 

conducting polymers is poiyacetylene. This polymer possesses a backbone 
with a high degree of unsaturation leading to 7i-orbital overlap and electron 
delocalisation. This delocalisation allows the polymer to possess a quite 
remarkable electrical conductivity when compared witli traditional 

15 insulating polymers. The structure of polyacetylene does, however, render 
the polymer quite unstable. 

Another common class of intrinsically conducting polymers are tlie 
polyheterocyclics, such as polypyrrole and polythiophene. In the case of 
pol5rpyrrole, tlie repeat unit of this polymer is comprised of a 5-membered 

20 cyclic ring with two delocalised n bonds and a nitrogen heteroatom. 

Polypyrrole when produced using an electrochemical process can form a free 
standing film witli electrical conductivity as high as 100 S/cm. 
Polyheterocyclics possess an improved environmental stability in 
comparison to that of polyacetylene, the improved stability being provided 

25 by the aromatic nature of the heterocyclic ring which prevents loss of n bond 
unsaturation. 

Despite tliere being a quite large number of postulated applications 
for intrinsically conducting polymers, this has to date been limited by a 
number of imdesirable properties such as poor processibility and poor 
30 solubility tliereby preventing processing of the polymers using traditional 
processing techniques. The conducting polymers described above are also 
typically opaque thereby limiting their opto-electronic applications. 
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Disclosure of tlie Invention 

According to a first aspect, the present invention consists in a 
chemical compound having the formula: 



wherein R^, R^, r3 and R^ are electron donating substituents or hydrogen 
and R5 is an electron withdrawing substituent. 

The electron donating substituents are preferably straight-chain, 
branched-chain or cyclic alkyl or alkoxy groups which may be unsubstituted 
or substituted to an extent that does not remove their electron donating 
properties. The alkoxy groups are preferably any C^-Cig alkoxy chain in any 
combination and most preferably a -(CH2)nCH3 or 
-0(CH2)nCH3 group where n = 0-17, 

The electron withdrawing substituent r5 is preferably a carboxylic 
acid group, an ester group, a cyano group, a nitro group, an aldehyde, a 
sulphonic acid or a halogen. The carboxylic acid group is preferably a 
-CO2H or -C02(CH2)nCH3 group, where n = 0-17. 

According to a second aspect, tlie present invention consists in a 
polymer having the formula: 



(1) 




H 



30 




35 
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wherein R^, r2, r3 and R* are election donating substituents or hydrogen, 
R^ is an electron withdrawing substituent and x is the number of monomeric 
units comprising the polymer. 

The electron donating substituents are preferably straight-chain, 
5 branched-chain or cyclic all^l or alkoxy groups which may be unsubstituted 
or substituted to an extent that does not remove tlieir electron donating 
properties. The alkoxy groups are preferable any Ci^C^s alkoxy chain in any 
combination and most preferably a -(CH2)nCH3 or -0(CH2)nCH3 group 
where n = 0-17. 

10 The electron withdrawing substituent is preferably a carboxylic 

acid group, an ester group, a cyauo group, a nitro group, an aldehyde, a 
sulphonic acid or a halogen. The carboxylic acid group is preferably a 
-CO2H or -C02(CH2)uCH3 group where n = 0-17. 

The number of monomeric units x preferably lies in the range 5-200 

15 and the polymer is preferably polyfoctyl l,2-(2',2"-dithienylacrylate)] 
(PODA). 

According to a third aspect, the present invention consists in a 
doped forai of polymer (2) having tlie formula: 

20 



25 




wherein R^, r2, r3 and R^ are electron donating substituents or hydrogen, 
R^ is an electron withdrawing substituent, X is a dopant anion and x H- y is 
the total number of monomeric units. 

The electron donating substituents are preferably straight-chain, 
35 branched-chain or cyclic alkyl or alkoxy groups which may be unsubstituted 
or substituted to an extent that does not remove their electron donating 
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properties. The alkoxy groups are preferably any Ci-Cis alkoxy chain in any 
combinalion and most preferably a -(CH2)nCH3 or 
-0(CIl2)nCH3 group where n = 0-17. 

The electron withdrawing subsUtuent r5 is preferably a carboxylic 
5 acid group, an ester group, a cyano group, a nitro group, an aldehyde, a 
sulphonic acid or a halogen. The carboxylic acid group is preferably a 
-CO2H or -C02(CH2)nCI-l3 group where n = 0-17. 

The number of monomeric units x + y preferably lies in the range 

5-200. 

Lo According to a furtlier aspect, the present invention comprises a 

method for forming polymer having tlie formula (2) comprising polymerising 
monomer units having the formula (1). 

The polymer is preferably formed using either a chemical or 
electrochemical method. 

15 The chemical method preferably comprises chemical polymerisation 

of the monomeric units by a suitable oxidant. The oxidants are preferably 
SbCls, FeCls, Fe(C104)3 or Fe(4-CH3C6H4S03)3. During polymerisation, 
the polymer is preferably "doped" by an anion derived from the oxidant. The 
oxidant concentration preferably lies in the range O.lM to IM. 

20 The electrochemical method preferably comprises a galvanostatic, 

potentiostatic or potentiodynamic oxidative method wherein the monomers 
are polymerized in an organic solvent witli the resulting polymer deposited 
on an anode of an electrochemical cell. The organic solvent preferably 
includes propylene carbonate, dichloromethane, acetonitrile or benzonitrile. 

25 During electrochemical polymerization, the polymer electrostatically 

incorporates dopant anions which provide polymer charge neutrality. The 
dopant anions preferably include one of the following: 
BF4-. CIO4-, aiyl-SOs*. PFo". IISO4-, 
NO3-. C1-, SO42-, AsFo", l3'. FeCl4- 

30 or Fe[(CN)6]3-. 

Following polymerization, tlie polymer is preferably reduced to 
facilitate its dissolution in an organic solution. Following chemical 
polymerization, the polymer is dedoped and reduced by exposing the 
polymer to a suitable agent, preferably anuuonia or hydrazine. Following 

35 electrochemical polymerization, the polymer is preferably left iu situ on the 
electrode and the polarity of the electrochemical cell is reversed. 
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The reduced polymer formed using either tlie electrochemical or 
chemical method is preferably soluble in tetrahydrofuran or chloroform. 
The polymer solution is preferably processed to form tliin films of polymer. 
The processing preferably comprises a spin-coating method in which the 
5 polymer is cast onto a substrate to form a thin film. The substrate preferably 
forms an electrical contact witli the polymer and preferably includes metals, 
indium- tin oxide coated glass or direct band-gap semiconductors, for 
example, indium phosphide, gallium arsenide, and indium gallium arsenide. 
The electrical contact can be made eitlier ohmic or rectifying as required . 

10 The polymer thin films are preferably tremslucent or transparent and 

can be re-oxidised in a suitable oxidant solution. When reduced tlie polymer 
preferably has an electrical conductivity of approximately 10"^ S/cm and 
when oxidised an electrical conductivity of approximately 10'3 S/cm. The 
polymer thin films can be utilised in electronic and opto-electronic devices, 

15 including photodiodes (e.g. p-i-n diodes), light emitting diodes (LEDs), wave 
guides, optical switches, gas-sensors, solar cells and Schottky junctions. 
Best Method of Performing the Invention 

By way of example only, praferred embodiments of the invention are 
described below. 

20 Example 1 - Metliod for the Production of a Chemical Compound havima 
FormiJa fll 

A method for the production of a chemical compound (1) where 
r1=r2=r3=r4=h and r5=C02(CH2)7CH3 is as follows: 

At a temperature of -78^C under an argon atmosphere, a solution of 

25 5g octyl(thiophene-2-acetate) in 5ml tetrahydrofuran is slowly added to a 

solution of 2.10g lithium diisopropylamide in 100ml tetrahydrofuran. After 
stirring at -78<^C for 30 minutes, l.g2g of tliiophene-2-carboxaldehyde is 
added and the resulting solution is stirred for a further 30 minutes at -78^C. 
The resultant solution is slowly allowed to warm to 20^C and is then poured 

30 into 100ml of 5% hydrochloric acid. This mixture is then extracted 3 times 
with 50ml dietliyl ether and tlie combined ether extracts are dried over 
sodium sulphate and concentrated in vacuo. To this residue is added 500ml 
of dry benzene and O.lg of para-toluene sulphonic acid. This solution is then 
heated to reflux for 6 hours. On cooling, the solution is washed twice willi 

35 100ml of water and then dried over sodium sulphate. The benzene is then 
removed by evaporation and the resultant yellow residue is 
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chromatographed to afford a compound having the formula (1) where 
r1=r2=r3=r4=h and r5=C02(CH2)7CH3. This material can be 
recrystallised from metlianol to form pale yellow needles. 
Example 2 - Polymerisation 
5 Compound (1) having r1=r2=r3=r4=H and R5=C02(CH2)7CH3 

can be polymerised using tlie following procedure: 
To a stirred solution of 2.0g of compound (1) having R* to R^ as defined 
above in 100ml of dry chloroform is added 1.86g of anhydrous iron (111) 
chloride, with the resulting solution being stirred at 20^0 for 20 hours. 
10 Following this, 50ml of 5% aqueous ammonia solution is added and after 30 
minutes the two layers are separated witli tlie chloroform layer washed twice 
witli 50ml of water. After drying over sodium sulphate and being 
concentrated in vacuo, the resultant red-brown residue is washed with 
metlianol in a Soxhlet apparatus. This procedure affords a polymer having 
15 the formula (2) where r1=r2=r3=r4=h and r5=C02(CH2)7CH3. 
F.xam ple 3 - Thin Film Preparation 

Solutions of different concentrations of the polymer having formula 
(2) where r1=r2=r3=r4=h and r5=C02(CH2)7CH3, namely 5mg/ml, 
lOmg/ml, 15mg/ml, 20mg/ml and 30mg/ml, in tetrahydrofuran were prepared 
20 to obtain thin films witli a range of thicknesses. Solutions with high 
concentrations were prepared by blowing off solvent witli high purity 
nitrogen gas thereby affording thick films. Prior to coating the solutions 
were passed tlirough filters with a porosity of 0.25 microns. 

Thin films of the polymer having formula (2) were prepared using a 
25 Photo Resist Spinner in a clean air workstation. Sapphire slides were 

employed as substrates because of the excellent thermal conductivity of 
sapphire which is important for measurements at various temperatures. The 
slides were cleaned by soaking in chromic acid at 80°C for 15 minutes 
followed by Uiorough rinsing wiUi double distilled water and finally blown 
30 dry with high purity nitrogen. To optimise the spinning conditions, die 

solutions were first spin coated at different speeds ranging from 500 rpm to 
4000 rpm. It was found tiiat die film thickness decreases witli spin speed for 
all concentiations indicating that a lower spin speed gives a thicker film. It 
was found, however, tiiat when die spin speed was too low (ie less Uian 1000 
35 rpm) the films were not continuous. The spin speed was, therefore, set at 
1000 rpm. By spinning at 1000 rpm for 40 seconds, films of thickness 
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ranging from 20 nm to 1000 nm were obtained. The thickness was measured 
using multiple beam interferonietry. The films are transparent and deep 
orange in colour. 
Example 4 - Doping of the Films 
5 A 0.2 molar solution of anhydrous ferric chloride in anhydrous 

acetonitrile was used as the doping medium. The dopant solution was kept 
in a well sealed container and stored in a desiccator. The doping process 
was carried out by immersing the thin films in the dopant solution for a 
desired period followed by a thorough rinsing witli anhydrous acetonitrile. 

10 When undoped, tlie film showed an electrical conductivity of 10"^ S/cm and 
tlie conductivity increased logarithmically with doping up to 10'^ S/cni. 
Example 5 - Fabrication of Ohmic Contact 

Ohmic contacts in a sandwich configuration were produced witli 
platinum as the electrode material. The contact area was 0.2 cm2. For tlie 

15 bottom electrode, platinum witli a thickness of about 100 nm was DC 

vacuiun sputtered using a Sputter Coating Unit onto the freshly cleaned 
sappliire substrate and polymer films having the formula (2) witli 
tliicknesses of 400 nm were immediately spin coated on top of the electrode. 
The thin film was then heated in vacuum at OO^^C for ninety minutes 

20 to remove any organic residue. For the top electrode, platinum was DC 
Vacuum Sputtered by multiple sputtering of a semi-transparent film of 
platiimm witli a very short single sputtering time of 0.3 seconds to avoid 
heating and consequent damage of tlie polymer films. The contacts were 
stable at various temperatures and reproducible. 

25 The polymer films have potential application in a wide range of 

electronic and opto-electronic devices including light emitting diodes, wave 
guide, optical switches, gas sensors, solar cells and Schottky junctions. 

It will be appreciated by persons skilled in tlie art that numerous 
variations and/or modifications may be made to the invention as shown in 

30 the specific embodiments without departing from the spirit or scope of the 
invention as broadly described. The present embodiments are, therefore, to 
be considered in all respects as illustrative and not restrictive. 
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CLAIMS: 

1. A chemical compound having tlie formula: 



5 



10 




wherein R\R^,R^ and R'* are electron donating substituents or hydrogen and 
15 R^ is an electron withdrawing substituent. 

2. The chemical compound of claim 1 wherein tlie electron donating 
substituents are straight-chain, branclied-chain or cyclic alkyl or alkoxy 
groups. 

3. The chemical compound of claim 2 wherein the alkoxy groups are 
20 any C^-C^s alkoxy chain. 

4. The chemical compound of claim 3 wherein the alkoxy chain is a 
-(CH2)„CH3 or a -OCCHzlnCHg group where n = 0-17. 

5. The chemical compound of claim 1 wherein the electron 
withdrawing substituent R° is a carboxylic acid group, an ester group, a 

25 cyano group, a nitro group, an aldehyde, a sulphonic acid or a halogen. 

6. The chemical compound of claim 5 wherein the carboxylic acid 
group is a -COjH or a -C02(CH2)„CH3 group, where n = 0-17. 

7. A polymer having the formula: 
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wherein R\R^,R^ and are electron donating substituents or hydrogen, R^ is 
an electron withdrawing substituent and x is the number of mononieric units 
comprising the polymer. 

8. The polymer of claim 7 wherein tlie electron donating substituents 
5 are straight-chain, braiiched-chain or cyclic alkyl or alkoxy groups. 

9. The polymer of claim 8 wherein Uie alkoxy groups are any Ci-C,a 
alkoxy chain. 

10. The polymer of claim 9 wherein the alkoxy chain is a -(CHalnCHg or a 
-0(CIl2)„CH3 group where n = 0-17. 

10 11. The polymer of claim 7 wherein the electron witlidrawing 

constituent R^ is a carboxylic acid group, on ester group, a cyano group, a 

ultra group, an aldehyde, a sulphonic acid or a hedogen. 

12. The polymer of claim 11 wherein the carboxylic acid group is a 

-CO2H or a -C02(CH2)„CH3 group where n = 0-17. 
15 13. The polymer of claim 7 wherein the number of mononieric units x 

lies in the range 5-200. 

14. The polymer of claim 7 wherein the polymer is poly[octyl 
l,2-(2\2"-ditluenylacrylate)l. 

15. A doped polymer having the formula: 

20 



25 




30 wherein R\R^,R''* and R^ are electron donating substituents or hydrogen, R^ is 
an electron withdrawing substituent, X is a dopant anion and x+y is tlie 
total number of monomeric units. 

16. The doped polymer of claim 15 wherein the electron donating 
substituents are straight-chain, branched-chain or cyclic alkyl or alkoxy 
35 groups. 
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17. The doped polymer of claim 16 wherein tlie alkoxy groups are any 
C,-C,n alkoxy chain, 

18. The doped polymer of claim 17 wherein the alkoxy chain is a 
•(CH2)„CH3 or a -0(CH2)„CH3 group where n = 0-17. 

5 19, The doped polymer of claim 15 wherein the electron witlidrawing 
substituent is a carboxylic acid group, an ester group, a cyano group, a 
nitro group, an alderhyde, a sulphonic acid or a halogen. 
20. The doped polymer of claim 19 wherein the carboxylic acid group is 
a -CO2H or a -COzCCHzjnCHa group where n = 0-17. 
10 21. The doped polymer of claim 15 wherein the number of monomeric 
units X +y lies in tlie range 5-200. 

22. The doped polymer of claim 15 wherein tlie electrical conductivity is 
in the range 10"^S/cni to lO'^S/cm. 

23. A method for forming a polymer having the formula: 

15 



20 




25 comprising polymerising monomer units having the formula: 
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24. The method of claim 23 wherein the polymer is formed using either 
a chemical or electrochemical method. 

25. The method of claim 24 wherein tlie chemical metliod comprises 
chemical polymerisation of tlie monomeric imits by exposure to an oxidant. 

5 26. The method of claim 25 wherein the oxidants are selected from 
SbClg, FeClg, Fe(C104)3 or Fe(4-CH3CoH4S03)3. 

27. The method of claim 24 wherein tlie electrochemical method 
comprises a galvanostatic, potentiostatic or potentiodynamic oxidative 
method wherein tlie monomers are polymerised in an organic solvent with 

10 the resulting polymer deposited on an anode of an electrochemical cell. 

28. The method of claim 27 wherein the organic solvent is either 
propylene carbonate, dichloromethane, acetonitrile or benzonitiile. 

29. The method of claim 27 wherein during electrochemical 
polymerisation, the polymer electrostatically incorporates dopant anions 

15 which provide polymer charge neutrality , the dopant anions including one 
of the following groups: 

BF4-, CIO4-, aryl-SOa", PFe', HSO4-, 
N03-, C1-, SO42-, AsFo", 13*. FeCl4- 
orFe[(CN)6l3'. 

20 30. The method of claim 24 wherein following polymerisation, the 
polymer undergoes the following processing steps: 

(i) reduction; 

(ii) dissolution in tetrahydrofuran or chloroform; and 

(iii) casting onto a substrate using a spin-coating method to form a thin 
25 film. 

31. The method of claim 30 wherein the substrate forms an electrical 
contact witli the polymer. 
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